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Abstract 
The distribution and the source of heavy metals Cu, Pb, As, Zn, Cd in seawater and the surrounding land-based sources of 
Luoyuan Bay were studied in July 2009. The results showed that the concentrations of heavy metals varied from 2.4 to 52.4μg/L 
for Zn, from 1.41 to 2.98μg/L for As, from 0.35 to 1.70μg/L for Pb, from 0.04 to 1.0μg/L for Cd, from 0.03 to 1.18μg/L for Cu. 
Although the heavy metals pollution levels in seawater in Luoyuan Bay were not beyond the second class of sea water quality 
standard of China, concentration of some metals increased in recent years. The concentration of Cd and Zn was both higher in 
north and southeast of the bay, which was affected by the steel plant and the nickel plant in north and the power plant in 
southeast individually. Concentrations of Cu and Pb were higher in north and the mouth of the Bay, affected by the smelter 
plants in northern and open sea individually. The concentration of As changed little and the lowest concentration appeared in the 
central Bay Area, which was mainly from the smelter and the surrounding land-based sources. The metal pollution comes from 
the smelt plants showed be paid more attentions, following the rapid development of industry. 
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Introduction 
Luoyuan Bay is located in the northeast coast of Fujian Province, China with a typical small mouth and big belly. Because of 
the strong tide, the ability of the water exchange is relatively stronger than other bays[1,2]. However, in recent years, it is 
becoming the harbor gradually during constructing economic circle of the west coast of the straight. The number of vessels 
across it is increasing and the emissions of factories and the reclamation activities is becoming frequently. Gradually the bay is 
changing into an industrial and shipping-based bay from an aquaculture bay, which brings great pressure on the environment. 
Furthermore, it is a typical semi-enclosed bay, which the ability of water exchange is poor and capacity of the marine 
environment is limited. So the quality of ecological environment of Luoyuan Bay is concerned seriously now. 
By the field survey, we can learn that there are the power plants, ports, anchorages, waterway and other industrial enterprises 
near and around the coast, while the central bay is intensive aquaculture areas. A large number of industrial, fisheries waste and 
wastewater are discharged into the bay, so the bay has been polluted seriously. If there are no effective regulation and 
management, Luoyuan Bay would become polluted seriously dead sea[3]. 
Heavy metals in environment can’t be decomposed in organism vivo. On the contrary, they can be accumulated gradually and 
transformed into more toxic metal compounds, which produce adverse reactions through bio-magnification of the food chain at 
all levels of organisms in ecosystems, being harm to human beings and other life[4].The studies on the Luoyuan Bay is focused 
primarily on nutrient status, farming research [5~7]and its ecological environment[8~10]. However, the research on the distribution 
of heavy metals in its water is still relatively fewer. The content of the Cu, Cd, Zn, As, Pb in the seawater and river water were 
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determined to analyze the distribution of heavy metals and its source. And the status and trends of water pollution will be helpful 
to resolve the problems of pollution and provide the scientific basis for the government. 
2.Sample Collection and Measurement method 
2.1. Sample Collection 
The surface sea water samples in 21 stations in Luoyuan Bay and 23 stations in surrounding rivers were collected in July 2009, 
stations are shown in Fig.1. According to Specification for Oceanographic Survey of China (GB17378-2007), the vessels used 
for collection of the heavy metals samples were soaked for a few days in 3mol/L nitric acid, then rinsed by distilled water and 
ultra pure water, and the vessels were packed with zip-lock polyethylene bag. The sample collected was seal up during the 
transport to the laboratory. 
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Fig.1  Sampling sites in the Luoyuan the Bay and rivers, stations L01-L22 are located on the rivers around the Bay and stations S1-S21 are located in the Bay. 
2.2. Analytical Method of Samples 
The collection, analysis and determination of samples were all referred to the Specification for Marine Monitoring of China 
(GB17378-2007). The concentration of Cu, Pb, Zn and Cd was determined using atomic absorption spectrometry (Thermo M6). 
The concentration of As was determined using atomic fluorescence spectrometry (AFS-920). 
 
3. Result and Discussion 
3.1 Heavy metals pollution evaluation in Luoyuan Bay 
   The results are shown in Table 1, the concentrations of heavy metals varied from 2.4 to 52.4μg/L for Zn, from 1.41 to 2.98μg/L 
for As, from 0.35 to 1.70μg/L for Pb, from 0.04 to 1.0μg/L for Cd, from 0.03 to 1.18μg/L for Cu. The order of heavy metals 
concentrations in Luoyuan Bay sea water is Zn> As> Pb> Cd> Cu. The concentrations of heavy metals were significantly higher 
than the results in 1986[11,12], the Luoyuan Bay sea water concentrations of heavy metals increased significantly in recent years.  
We also compared our metal concentrations to those values in Sea Water Quality Standard (GB3097-1997) that was issued by 
the China State Bureau of Quality. The contents of metals at most stations were not higher than the contents indicated by the 
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primary standard of the Sea Water Quality Standard (GB3097-1997). The concentration of Cu, Cd and As is less than the 
contents indicated by the primary standard of the Sea Water Quality Standard. The content of Zn and Pb is higher than the values 
in the primary standard, but less than that in the secondary standard in some stations. The concentration of Zn is 52.4µg/L at the 
sites of S4, which is the highest value in the Bay. The concentration of metals is not beyond the secondary standard of the Sea 
Water Quality Standard, and far below the Water Quality Standard for Fishery (GB11607-1989). 
 
Table 1 Contents of heavy metals in seawater of Luoyuan Bay  
Items Cu 
μg/L 
Pb 
μg/L 
Zn 
μg/L 
Cd 
μg/L 
As 
μg/L 
2009 (This study) 0.27 
(0.03-1.18) 
0.83 
(0.35-1.70) 
15.3 
(2.4-52.4) 
0.31 
(0.04-1.0) 
2.5 
(1.41-2.98) 
1986-1987 [11] 0.76 0.058 2.40 0.024 — 
The primary standard of the Sea Water Quality Standard 5 1 20 1 20 
The secondary standard  of the Sea Water Quality  10 5 50 5 30 
The Water Quality Standard for Fishery 10 50 100 5 50 
   3.2. Heavy metal distribution characteristics of Luoyuan Bay 
  The distributions of heavy metals are shown in Fig.2, the concentration of Cd and Zn is both higher in north and southeast of 
the bay. These two places are close to the steel plant, the nickel plant and power plant. So they are polluted by waste water 
coming from the steel plant and the nickel plant in north and the power plant in southeast individually. Concentrations of Cu and 
Pb are higher in north and the mouth of the Bay, affected by the smelter plants in northern and open sea individually. The 
concentration of As changes little and the lowest concentration appears in the central bay area. So As is mainly from the smelter 
and the surrounding land-based sources. The surface sea water of Luoyuan Bay is polluted mainly by smelting plant and power 
plant while other parts are polluted slightly. More attention should be paid to prevent the further heavy metal pollution of the 
Luoyuan Bay. 
 
3.3. Sources of pollution in Luoyuan Bay 
According to pollution source characteristics and the relative location to the Luoyuan Bay, we divide the sampling sites into 
three areas. Area 1 includes stations L01-L07ǃL11-L14, which is in the north west of the Louyuan Bay. The rivers are polluted 
by the waste water from steel and nickel plants, and factories and sewage from the Luoyuan County. Area 2 includes stations 
L08-L10, which is in the north east of the Louyuan Bay. The rivers are short with less pollution sources. Area 3 includes stations 
L15-L23 which is on the south east of the Louyuan Bay. The rivers are polluted by the waste water from many villages and 
agricultural drainage.  
The heavy metals concentration in rivers of three areas is difference. There are higher Cu, Pb and Zn content in water of area 1 
and lower As and Cd content, which reflect the characteristics of the industry pollution, especially the steel and nickel plants. In 
the north east area, the river is short with little pollution, so the Cu, Pb and Zn content in water of area 2 is the lowest. There are 
many villages on the southeast of the Louyuan Bay and there is a power plant in area 3. The sewage and other waste water are 
drained to the rivers without treatment. So the Cu, Pb and As content is higher in that area. (Table 2). 
Table 2 The heavy metals concentration of river around the Luoyuan Bay 
Areas Stations   Cu 
μg/L 
Pb 
μg/L 
Zn 
μg/L 
Cd 
μg/L 
As 
μg/L 
1 L01-L07, 
L11-L14 
Range 0.01-2.49 0-9.90 9.50-66.7 0-0.46 0.41-2.48 
Average 0.82 1.28 32.7 0.13 1.38 
2 L08-L10 Range 0.040-0.048 0.23-0.38 17.0-41.6 0.62-0.89 1.77-2.61 
Average 0.043 0.31 26.5 0.73 2.23 
3 L15-L23 Range 0.29-2.08 0-8.09 3.96-38.1 0-0.031 0.70-8.09 
Average 1.33 2.26 17.47 0.01 2.26 
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Fig.2  Horizontal distribution of heavy metals content in seawater of the Luoyuan Bay 
4. Conclusions 
(1) The heavy metal concentration in the surface water of Luoyuan Bay increase compared that in1989. 
(2) The concentration of Cu, Cd and As is less than the contents indicated by the primary standard of the Sea Water Quality 
Standard. The content of Zn and Pb in some stations is higher than the values in the primary standard, but less than that in the 
secondary standard. 
(3)The concentration of Cd and Zn was both higher in north and southeast of the bay, which was affected by the steel plant and 
the nickel plant in north and the power plant in southeast individually. Concentrations of Cu and Pb were higher in north and the 
mouth of the Bay, affected by the smelter plants in northern and open sea individually. The distribution of As content changed 
little.  
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